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The  Irequcncy-pubed  eketrun-opture  gas- liquid  chromatography  technique  described  previously  bv  Brooks  * 

et  al.  was  modified  and  applied  to  the  studies  of  coded  and  routine  clinical  specimens.  Uncenlrifugcd  if _ 

cerebrospinal  fluid  (2  ml)  was  extracted  under  acidic  conditions,  derivatized.  and  analyzed  by  frcqucncy-pulscd  51strihdtl«y! 
electron-capture  gas-liquid  chromatography  on  large-bore  fused  silica  polar  and  nonpolar  capillary  columns.  “ — —  * 

The  frequency-pulsed  elect  ron -capture  gas-liquid  chromatography  profile  of  carboxylic  acids  (C.  through  C2»J  Availability 

along  with  identification  of  lubcrculostcaric  acid,  established  by  retention  time  comparison  of  dcrisatized  Avail  a*' 

(ubcrculostcaric  jcid  and  dcrivatiml  sample  extract,  strongly  suggests  the  presence  of  Mycobacterium  Spool/ 

tuberculosis  in  pjticnts  with  lymphocytic  meningitis'.  Results  from  4 1  coded  cases  and  75T clinical  cases  showed  .  j 

that  the  frequency -pulsed  electron-capture  gas-liquid  chromatography  test  had  a  specificity  of  91^  and, a  \\A  I 

sensitivilv  of  95f».  j 
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One  of  the  major. diagnostic  problems  remaining  to  be 
solved  concerns  infectious  and  nojimfectimis  diseases  that 
present  ri  clmic.il  picture  of  lymphocylic  meningitis.  Such 
diseases  often  are  not- readily  diagnosed  through  clinical 
examination.  and  these  types  ol  infectious  agents  arc  diflieult 
to  Isolate  and  culture.  Many  of  iftese  types  of  causative 
agents  are  never  iJcntifTed  (9).  'J  uberculous  meningitis, 
wnich  is  cMjxcd  by  Mvcobai  lemon  .Pert  ulosi*.  iv  a  Ivm- 
piiocvuc  type  meningitis,  and  about ;»  month  :>  required  to 
culture  the  organism.  Even  then,  less  than  $&*  of  the 
positive  Cases  arc  cuIturtrpo>i«»vc  t9i  Attempts  to  develop 
rapid  diagnostic  Tests  based  on  conventional  approaches 
have  been  inc ll'cc live,  principally  because  of  the  extremely 
low  number  of  organisms  (41  present  in  the  cerebrospinal,, 
fluid  (CSF)  at  the  lime  that  ific  patient  becomes  ill 
Frequency-pulsed  electron-capture  gas-liquuJ  chromatog¬ 
raphy  (FPEC-GLC)  has  bceri  used  to  detect  low  fcmtomole 
quantities  of  lubcrculostcaric  acid  ( rSA)  in  CSF,  serum,  and 
pleural  fluid  (3.  4).  FPEC-GLC  has  also  been  used  to  study 
carboxylic  acid  profiles  of  other  acids  in  these  fluids  (5). 

hese /studies  indicated  that  FPEC-GLC  might  be  used  to 
»..’pidfy  diagnose  tuberculous  meningitis  within  3  h.  The. 
purpose  of  this  investigation  was  to  obtain  additional  infor¬ 
mation  about  the  specificity  and  sensitivity  ol  FPEC-GLC  as 
a  diagnostic  test  for  tuberculous  meningitis. 

MATERIALS  AND  METHODS 
Samples.  The  CSF  specimens  from  U.S.  Naval  Research 
Unit  no,  3  (NAMRU-3)  were  from  clinical  casein  Cairo. 
Egypt  (Table  1).  They  were  stored  and  shipped  frozcq;  the 
volume  of  these  samples  ranged  from  1  to  2  ml.  and  all  of  the 
specimens  were  centrifuged.  The  CSF  sample.*  from  clinical 
cases  (Table  2)  were  also  stored  and  shipped  frozen.  They 
were  2  ml  in  volume  and  were  not  cenuifugcd.  The 
NAMRUo  samples  were  from  culture- proven  cases  of  men¬ 
ingitis.  and  several  cases  were  of  a  r.onlymphocytic  type  of 
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mcmngttidcs.  All  specimens  were  free  of  blood,  which,  if 
present,  will  chjnge  the  FPEC-GLC  profile  to  contain  peaks 
not  pormally  seen  in  blood-free  CSF.  However,  the  detec¬ 
tion  of'ISA  is  usually  not  aflecicd  by  the  presence  of  blood 
m  the  specimen.  The  NAMRU-3  specimens  were  used  in 
two  coded  studies.  The  dinic.d  cases  from  the  United  States 
and  Canada  were  also  analyzed  anj  coded  without  knowing 
the  final  diagnosis  •jmiI  after  ll.e  FPEC-GLC  analysis.  The 
following  information  was  supplied  with  most  cjyrv  it  was 
lymphocytic  type  of  meningiiis.  and  there  was  no  growth 
from  a  24-h  vulture.  Drug  treatment  and  underlying  disease 
were  sometimes  given.  The  samples  were  analyzed,  and  our 
FPEC-GLC  test  results  along  with  a  set  of  forms  were 
rcturncdjo  the  physician  with  a  request  for  final  evaluation 
of  the  case  and  any  additional  clinical  information.  There 
was  an  £$%  reply.  In  cases  where  there  w'as  no  reply  the 
FPEC-GLC  data  were  not  included.  Tabic  2  contains  the 
data  from  clinical  cases. 

Sample,  preparation.  A  0  1-ml  of  50Cf  (vol/vol)  H»S04 
along  with  0.1  ml  of  an  internal  standard  solution  containing 
7.6  pmol  of  hcptanoic  acid  tC7)  in  distilled  H*0  was  placed  in 
a  50-ml  round-bottom  centrifuge  lube  The  lube  was  then 
taken  to  a  biological  safety  cabinet,  the  uncenlrtfugcd  spec¬ 
imen  was  mixed  gently.  2  ml  of  CSF  or  scrum  was  added  to 
the.  tube,  arid  the  contents  were  mixed  by  gentle  shaking  by 
hand.  The  sample  was  checked  with  pH  paper  to  ensure  that 
it  was'  acidic  (pH  2)  and  allowed  to  sit  at  room  temperature 
for  2  min.  Then.  20  ml  of- nanograde  chloroform  (CHCL. 
Mallinckrodt  Scientific  Products.  Stone  Mountain,  Ga.)  was 
addedi-and  the  iubc>as  sealed  with  a  Teflon-lined  screw  cap 
to  avoid  contamination  from  rubber-lined  caps.  Next,  the 
sample  was  shaken  for  5  mm  with  a  Burrell  wnst-action 
shaker  at  a  setting  of  10.  The  CHC1 ,  layer  was  then  decanted 
into  a  20-  by  l50-mm  screw-cap  test  tube  and  evaporated  in 
a  fume  hood  to  1.5  ml  with  clean,  dry  CaS04-filtered  air  at 
100*C  in  an  analytical  evaporator  (Meyer.  Northborougfr, 
Mass.)  filled  with  sand.  The  concentrated  sample  was  trans¬ 
ferred  to  a  3-inl  conical  tube  with  care  to  avoid  any  traces  of 
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TABLE  1.  LPEC-GLC  resells  from  siudv  of  CSF*  received  from  NAMRU-3.  Cairo.  Ejrypl 
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”  Samf4c%  i<f]  mli<f  centrifuged  OF  »oc  uxd.  I)N  results  »<«  «>NaiocJ  wh  '  ml  of  unccninfupcd  CSF, 

*  CiX*.  Centers  r.v  Dt'Ca'C  Control. 

"  An  FPHC-CLC  rrofik  of  cjrKj\\!*C  ac«J  i\  vorspiwcd  of  all  peaks  lC;  throuph  Cj4  detected  in  an  analysis, 
J  lhcfjpy  can  k~cf  I  Ik  detcet*nn  ImM  of  TSA. 
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u'dlcr.  The  Sample  was  then  further  concentrated  in  the  fume 
hood  to  about  25  pi. 

(’reparation  of  TCE  esters.  A  l:*2  dilution  of  tnchlorocth- 
anol  Il'CEl  lEastman  Kodak  Cl  Rochester.  NA.)  wa> 
prepared  by  adding  0.1  ml  of  rcb  iti  ld  ml  of  xylene  (this 
Milution  can  be  stored  in  the  refrigerator  for  future  use). 
Next.  10  pi  ofTCE  reagent  and  20  pi  of  hcptatluorobulyric 
anhydride  were  added  to  the  concentrated  sample  extract  (25 
pi)  in  the  3-ml  conical  tube.  The  sample  was  mixed  by  gentle 
shaking  by  hand,  corked,  and  allowed  to  sit  at  room  temper¬ 
ature  for  52  min.  An  emulsion,  which  formed  after  the 
addition  ol  TCE-hcptafluorobutyric  anhydride  during  the 
denvatiz.il ion  step,  later  cleared  with  the  addition  of  0  2  ml 
ofCHCI,  and  0.1  ml  of  xylene  with  gentle  mixing.  The  dear 
solution  was  then  evaporated  to  10  pi  with  clean,  dry  air  at 
WC  in  a  sand  batn.  Extra  care  was  taken  to  avoid  evapo¬ 
rating  the  sample  to  complete  dryness.  Next.  0.4  ml  of 
nanogradc  hexane  (Mallinckrodt)  was  added  to  the  sample. 

Res ersed -phase  chromatography  column  cleanup.  A  dis¬ 
posable  octadecyl  (C|*l /ever^ed-phase  chromatography  col¬ 
umn  (Analytichcm  International.  Harbor  City.  Calif.j'vvas 
placed  in  a  V.-xt’-ELUT  (Analytichcm)  vacuum  manifold, 
and. 2  column  volumes  <x*  methanol  followed  by  2  column 
volumes  of  hcxaneAvcrc  spiraled  through  the  column. 
Hexane  was  stopped:  »’*!;*,  top  of  the  sorbent  bed.  the 
sample  was  added  to  ih\.,;o!umn  and  aspirated  through  the 
column  at  :abotii  2  mm  V  w  266  6  I ’a)  vacuum  for  about  2 
min.  and  the  eluent  tras'uiA  u  Jed.  Hie  previously  used  3-ml 
conical  lube  was  washed  tw  cwith  1-ml  volumes  of  diethyl 
ether  (Fisher  Scientific  Ci  ;ur  lawn.  NJ.)  and  placed  ir.» 
a  rack  to  dry.  Next,  the  If  £  esters  were  eluted  from  the 
column  into  a  10-  by  75-mnt  \  sposablc  test  tube  with  3  ml  of 
hexane.  The  eluent  was  evaporated  to  about  2  ml  wuh  clean, 
dry  air  in  a  6tl3C  sand  bath,  0.,,wl  of  xylene  was  added,  and 
then  the  .sample  was  transfer  :d  to  the  previously  ether- 
washed  3-ml  conical  lube  and  i:rt her  evaporated  to  10  pi. 
Extra  care  was  taken  to  avoij  taking  the  sample  to  complete 
dryness.  Then  100  pi  of  a  iQ5£  (vol/vol)  xylene-ethanol 
solution  wax  added  to  the  sample  as  a  linal  solvent.  The 
solution  was  mixed  by  gentle  shaking  by  hand,  and  the 
sample  was  transferred  to  a  0.3-ml  Tcllon-hned  screw-cap 
glass  inserted  vial  (Universal  Scientific.  Inc..  Atlanta.  Ga),  1 
pi  of  the  sample  was  used  lor  FPEC-G1.C  analysis. 


FPEC-GLC  analysis.  TCE  of  carboxylic  acids  were  ana¬ 
lyzed  on  Perkin  Elmer  3920B  gas  chromatographs  fitted  with 
dual-elect ron-capturc  10-mCi  ,,4Ni  detectors  One  instru¬ 
ment  was  equipped  with  a  nonpolar,  large-bore,  bonded- 
phase.  fuscd-Mltca  capillary  column  (0.53-mm  inner  diame¬ 
ter.  25-nt  length)  that  was  coated  with  a  4.4-pm-thick  film  of 
OV-1  (Southern  Lab  Apparatus.  North  Augusta.  S.C.).  and 
a  moderately  polar,  large-bore,  bonded-phase,  fuscdsihca 
capillary  column  (0.5-mm  inner  diameter.  30-m  length) 
coated  with  a  1.0-pm-ihick  film  of  OV-1701  (J  &  W  Scien¬ 
tific.  Folsom.  Calif.).  A  polar,  large-bore,  bonded-phase. 
Tuxed-silica  capillary  column  (0.32-mm  inner  diameter.  25-ni 
length)  coated  with  a  0.25-pm-thick  film  of  OV-225  (South¬ 
ern  Lab  Apparatus)  was  used  in  a  .second  instrument  fhc 
instruments  were  fitted  with  0.25-m.  tea.  0.625-cm)  injector 
ports  and  connected  to  the  capillary  columns  with  0.25-in.  by 
0.0625-in.  (ca.  0  l>625-cm)  graphite-reducing  ferrules.  He¬ 
lium  was  the  carrier  gas  with  a  flow  rate  of  3  ml/m»n  through 
the  OV-1701  and  OV-225  columns  at  125*C  and  4  ml/min 
*  through  the  OV-1  column  The  instruments  were  equipped 
with  flow  controllers  with  a  range  from  0  to  10  lb/in\  The 
OV-l  and  OV-1701  columns  were  held  isothermal  at  90*C  for 
4  mm  and  then  programmed  to  275*C  at  a  rate  of  4*C/mm  and 
held  isothermal  for  32  min  The  OV-225  column  was  held 
isothermal  :i!  90*C  for  4  min  and  then  programmed  to  220*C 
at  2*C/min  and  held  isothermal  for  12  min.  The  sensitivity  of 
the  instruments  was  established  by. adjusting  the  make-up 
gas  (95 Vo  argon -5^  methane),  the  standing  current  from  a 
range  of  3.5  to  1.  and  the  attenuation  at  cither  512  or  256  so 
that  the  internal  standard  (C7)  gave  a  twicc-full-scalc  peak 
wuh  a  1-jtl  injection.  NcwmNi  foils  require  higher  standing 
current  (3  to  3.5),  less  attenuation  (256).  and  less  make-up 
gas  flow  (60  to  65  ml/min).  On  the  other  hand,  older  MNi  foils 
used  1  month  or  more  generally  require  si  lower  standing 
current  (1  to'2).  increased  attenuation  (512).  and  increased, 
'make-up  gas  flow  (75  to  80  ml/min). 

RESULTS 

Figure  1  shows  analyses  of  TCE  esters  of  a  denvanzed 
standard  mixture  of  carboxylic  acids  (C2  to  C22)»  iso  acids 
(iC4,  iC„  and  iCj,  unsaturated  acids  (C,4 ,,  Clft C„  ,,  and 
CjoJ,  phenylacetic  acid  (PA A),  and  TSA.  Aromatic  and 
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TABLE  2.  FPEC-GLC  rcsuhs  from  jm!v\K  of  clinical  specimens  received  from  ibe  UniiedSuics  and  Canada- 
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50 

- 

* 

- 

- 

Transverse  myelitis 

51 

* 

- 

- 

- 

Meningitis 

52 

r 

- 

- 

- 

Vir.it  meningitis 

<; 

- 

- 

- 

- 

Behcet's'  syndrome 

e- 

- 

- 

— 

- 

Brucellosis 

'5* 

r 

• 

- 

- 

None 

<6 

- 

- 

- 

- 
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“  We  have  nWMdercd  lhl>  save  a\  a  LIvc-pMi'f.  Nit  it  !«  dvIXalahk. 


uiv-aturatcd  acids  shifted  re  l  cm  ion ‘time  relationships  (elut¬ 
ing  later  lhan  straight-chain  acids  of  the  same  carbon  chain 
length)  on  the  polar  column  and  to  a  lesser  degree  on  the 
moderately  polar  column  (Fig.  IB  ar.d  0).  compared  with 
retention  time  relationships  on  the  nonpolar  column  (Fig. 
JAI.  Analysis  on  (he  highly  polar  OV-225  column  (Fig.  1C) 
and  the  nonpolar  OV-1  columns  (Fig.  1A)  made  ihc  best 
combination  for  identification,  and  TSA  was  better  resolved 
on  the  OV-1  column;  however,  the  OV-225  column  cannot 
withstand  the  high  temperature  used  with  the  OV-1  and 
OV-1701  columns.  Therefore,  the  OV-225  column  was  used 
in  a  separate  instrument,  and  the  OV-1  and  OV-1701  col¬ 
umns  were  used  together  in  the  same  gas  chromatograph 
oven. 

Figure  2  shows  chromatograms  of  TCE*dcri  valued  acidic— 
CHCIt  cxtracts  of  both  CSF  and  scrum  from  paiicnts  posi¬ 
tive  for  tuberculous  meningitis  along  with  normal  healthy 


controls.  Figure  2A  shows  the  type  FPEC-GLC  profile 
detected  from  the  CSF  of  a  patient  positive  for  tuberculous 
meningitis  with  no  indication  of  a  secondary  disease  Ob¬ 
serve  that  C;,  Cv.  iC,.  C.,.  iC«.  C<.  C*.  C*.  PAA.  C,„.  C,2. 
C„.  C,„  C,*,  Op.  C,„ C,„.  TSA.  and  unidentified  peaks 
labeled  C  and  E  were  present:  however,  with  the  exception 
of  the  internal  standard.  CI(S,  and  C,K.  other  peaks  were  low 
in  concentration.  Figure  2B  shows  the  .FPEC-GLC  profile 
obtained  from  analysis  of  2  ml  of  normal  CSF  obtained  from 
an  individual  submitting  for  a  myelogram.  With  the  excep¬ 
tions  of  the  internal  standard  and  residual  reagents  (data  not 
shown),  the  chromatogram  in  Fig.  2B  is  practically  devoid  of 
-  peaks.  Figures  2C  and  D  show  the  data  obtained  from 
FPEC-GLC  analysis  of  sera  taken  from  a  patient  with 
tuberculous  meningitis  and  a-normal-conirolr^espcciively. 
•The  major  differences  in  the  control  serum'and  the  scrum 
from  ihc  patient  with  tuberculous  meningitis  were  increased 
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FIG.  1.  RTICG  LCchrorrutugrjmsoi'TCKcilcrN  of  a  Mandard  acid  mixture  (in*iruaiorw  lor  vcpjfingM;ndaui\  for  FI’EC’Gl.C.ina!>M> 
area*  jiUblc  upon  rcquc%U.11>e  Idler  *<*"  followed  by  a  number  indicate*  a  *aiur.uedc.iiboxy!k.  acid  wuh  ihc  number  of  Carbon  aiom>.  the 
Idler  "V  is  imi.  and  a  colon  between  two  numbers  indicates  unsaiunmon.  The  Icmperaiurc  program  and  analysis  lime  arc  shown  under 
chromatograms* 


amounts  of  C2,  C^,  tCj.  C4,  unidentified  peaks  Un2.  Un4,  E. 
and  Un6.  and  TSA,  Some  peaks  were  present  in  ihc  control 
profile  lhai  were 'missing  from  ihc  patient  profile,  and  peaks 
Cj7  and  were  also  reduced. 

Figure  3  illustrates  the  process  of  computer  scale  cxpjn* 
sion  and  determination  of  relative  retention  lime  for  TSA 
based  on  comparison  lo  Clh  and  C,«,  spiking  of  the  sample 
with  standard  TSA,  and  analyses  on  nonpolar  and  polar 
capillary  columns.  Figures  3A  and  C  illustrate  the  measuring 
process  to  obtain  relative  retention  times.  The  relative 
distances  between  C,ft,  CJK,  and  TSA  is  measured  to  0.1  cm. 
This  distance  can  change  with  age  of  the  column.  A  standard 
mixture  (Fig.  1)  was  analyze*1 -every  3  weeks  to  verify 
column  stability.  The  carboxylic  acids  C,  (internal  stan¬ 
dard),  CH,  and  C|,  were  always  present  in  both  CSF  and 


serum  from  patients  with  disease,  and  daily  observations  of 
retention  time  relationships  of  these  acids  were  made  to 
detect  any  possible  retention  time  changes.  As  the  column 
ages,  usually  after  about  a  ycar.’Cj*  and  C,B  will  elute  faster 
and  closer  together.  Possible  change  can  be  detected  b) 
measurement  of  the  distance  between  the  retention  limes  ol 
Clh  and  C,*  to  0.1  cm.  In  difficult  cases  where  uncertain!) 
existed  concerning  the  identification  of  a  peak,  spiking  the 
sample  with  about  23  fmol  of  dcnvaiized  standard  TSA 
helped  in  the  identification  process  (Fig.  3B  and  D).  Chro¬ 
matograms  from  the  strip  chan  recorder  can  also  be  used  to  , 
identify  TSA  by  overlay  of  two  chromatograms  and  by  visual  t 
comparison  la  reference  standards. .  For  example,  when 
chromatograms  of  TCE  derivatives  (Fig.,1)  containing  C,v  { 
C,„  and  TSA  standards  were  aligned  with  the  same  acids  oo  j 
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FIG.  2,  FPEC-GLC  chromatograms  of  TCE  esters  of  CSF  and  scrum  iSR)  samples  from  acidic  CHCI,  extracts  The  type  of  bodily  fluid 
and  the  disease  are  indicated  on  fop  nghi-hand  corner  of  each  chromaiogram.  TB.  Tuberculous,  Un,  unknown.  Peaks  C  and  E  indicate 
unknown  compounds. 


chromatograms  obtained  by  FPEC-GLC  analysis  of  CSF 
and  or  serum  taken  from  different  patients  (Fig.  2A  and  C). 
a  perfect  overlay  was  obtained  between  C,„.  C,„.  and  TSA. 

Figure  4  shows  data  obtained  by  FPEC-GLC  analysis  of 
TCE-derivaiized  acidic  CHCf,  extract  of  CSF  from  a  second 
patient  (CA3I17)  positive  for  tuberculous  meningitis  (Fig. 
4A)  and  chromatograms  from  three  different  patients  sus¬ 


pected  of  having  tuberculous  meningitis  (Fig.  4B,  C.  and  D) 
The  CSF  from  patient  CA3051  was  analyzed  by  FPEC-GLC 
(Fig.  4B)  and  reported  to  be  negative  for  tuberculous  men¬ 
ingitis;  this  patient  was  later  determined  to  have  carcinoma¬ 
tous  meningilis.  We  have  observed  52  cancer  patients  (data 
will  be  presented  elsewhere)  with  this  type  of  FPEC-GLC 
profile.  The  FPEC-GLC  profile  of  the  patient  (CA3057)  in 
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FIG.  3  Computer-expanded  portions  of  FPEC-GLC  chromatograms  of  a  TCE-derivatized  acidic  CHCU  extract  of  CSF  from  a  pat**  j 
!Ca3183>  positive  for  tuberculous  meningitis.  Identification  of  TSA'  (the  blackened  peaks  in  chromatograms  A  and  G  was  made  j 
determining  relative  retention  times  based  on  measurement  of  the  distance  (in  centimeters)  from  the  Ct#>  and  Cm  peaks  to  the  TSA  peak  a%‘  I 
analyzing  the  TSA-spiked  sample  (chromatograms  B  and  D)  on  two  types  of  columns  (polar- OV*225  and  nonpolar  OV-I)  The  diiUM  I 
between  peaks  will  change  as  the  column  ages;  therefore,  the  relationship  of  eluting  peaks  must  be  checked  about  every  2  weeks  bv  aiuh  *  I 
of  standards.  I 


chromatogram  C  was  obtained  by  analysis  of  CS?.  taken 
from  a  patient  with  acquired  immunodeficiency  syndrome 
(AIDS:  CDC  classification  group  i  V),  who  was  suspected  of 
having  tuberculous  meningitis  but  was  later  determined  to  be 


negative  for  tuberculous  meningitis  by  FPEC-GLC  andoibe 
criteria.  The  FPEOGLC  profik$4rom-the  CSF  old*! 
terminally  ill  AIDS  patient  (Fig.  4C)  and  the  cancer  paiicij 
(Fig.  4B)  were  similar.  Wc  have  observed  this  type* j 
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FEEO°LC  of  TCE  esters  of  actdic  CHCI,  exiracis  of  CSF  Chromatogram  A  shows  CSF  a  pal, am  w„h 

tuberculous  meningitis  Chromatogram  B  is  from  a  l%mcm  who  was  suspected  of  having  tuberculous  meningitis  but  was  later  determined  10 
hav«  carcinomatous  meningitis.  C  hrum.it, rgram  C  ,s  from  a  terminally  ,11  patient  w,th  AIDS  who  was  negative  for  tuberculous  meningitis,  and 
chromatogram  D  is  from  a  patient  who  was  positive  for  human  immunodeficiency  virus  and  who  had  tuberculous  meningitis. 
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FPEC-GLC  profile  from  35  terminally  ill  patients  with  AIDS 
examined  thus  far  (unpublished  dal.il.  Hie  I'PHC-GI.C  pro¬ 
file  of  patient  CA3252  f  Hg<  -(D)  »;i%  ohumed  by  analysis  of 
CSF  from  a  human  immunodeficiency  virus  atilibody-pOM* 
In  e  pal  ienl  Uhc  Mage  of  (he  disease  was  noi  gi\en;but  AIDS 
had  not  developed).  'ITiis  patient  was  found  to  l>e  positive  fo: 
tuberculous  meningitis  by  culture,  and  'ISA  was  lound 
(blackened  peak  ai  about  fiO  mm)  in  the  CSU by  KPHC-CiLC 
analysis.  At  this  time  we  have  analyzed  the  CSI  and  sera 
from  four  patients  with  AIDS:  the  samples  were  positive  for 
Muuthtu tertian  mhnn.» but  -TSA  was  not  delected,  Figure 
4D  also  illustrates  a  case  of  both  primary  (human  immuno¬ 
deficiency  virus  antibody  positive)  and  secondary  disease 
(A/,  luhertutam  Infection)  involvement.  The  presence  of  a 
full-scale  peak  of  nononolc  acid  (C.,)  along  with  unidentified 
peaks  labeled  P3  and  P4  indicate  an  abnormal  FPEC-GLC 
profile  that  would  not  be  typical  of  cases  positive  for 
tuberculous  meningitis  alone  (Tig.  4A).  but  the  detection  of 
"ISA  in  the  CSF  of  this  patient  along  with  the  absence  of 
TSA  in  A/,  avion i  patients  strongly  suggested  infection  with 
M,  mhrrtuhstsi  this  assumption  was  later  confirmed  by 
culture.  The  scrum  of  this  patient  also  contained  TSA. 

Table  1  presents  data  obtained  front  a  collaborative  re¬ 
search  study  with  NAMRU-3  in  Cairo.  Egypt.  Two  coded 
studies  and  one  noncodcd  study,  were  conducted.  The  non- 
coded  specimens  arc  indicated  in  Table  1.  Most  of  the’ 
tuberculous  meningitis  specimens  analyzed  as  part  of  the 
NAMRU-3  study  were  culture  positive.  .Some  patients  had 
begun  therapy  (Table  1).  Data  obtained  from  follow-up 
analysis  of  positive  cases  of. tuberculous  meningitis  indicates 
that  effective  therapy  for  5  to  7  days  can  lower  the  concen¬ 
tration  of  TSA  in  the  CSF  below  the  FPEC-GLC  detection 
limits.  One  patient  (Table  h  CA2812)  had  .ill  of  the  clinical 
symptoms  of  tuberculous  meningitis  and  an  FPEC-GLC 
profile  positive  for  tuberculous  meningitis,  including  TSA, 
and  improved  with  therapy,  therefore,  based  on  these  data 
and  reports  by  others  (9)  that  about  50ft  of  all  positive  ca%cs 
are'  never  cultured,  we  considered  this  case  positive  for 
tuberculous  meningitis  even  though  an  organism  was  not 
recovered  by  culture.  In  the  case  (CA2807  in  Table  1)  that 
wa>  false-positive,  the  FPEC-GLC  profile,  excluding  TSA. 
was  negative  for  tuberculous  meningitis,  and.  because  of  a 
slight  column  change  in  elution  characteristics,  we  had 
mislabeled  a  peak  as  TSA  that  had  a  retention  time  very 
close  to  that  of  TSA.  Later  when  we  began  to  determine  the 
relative  retention  time  for  TSA  (based  on  measutemcnis 
from  Cl*  and  Clx),  we  recognized  the  rejson  for  the  mist- 
deni  i  heat  ion. 

Table  2  shows  data  obtained  from  the  FPEC-GLC  analysis 
of  clinical  specimens.  The  actual  Centers  for  Disease  Con: 
trol  numbers  have  been  changed  for  purposes  of  clarity  ot 
the  table.  In  eases  1  through  27.  (he  clinical  symptoms  were 
positive,  the  FPEC-GLC  profile  was  positive,  TSA  was 
positive,  and  the  final  evaluations  of  the  physicians  were 
positive  based  on  response  to  drug  therapy  and/or  culture,  in 
cases  28  through  37  tuberculous  meningitis  was  initially 
suspected,  but  FPEC-GLC  results  were  negative,  and  the 
final  evaluations  of  the  physicians  were  negative  with  no 
indication  of  the  causative  agent.  1  hroughoul  the  remainder 
of  Table  2.  we  show  results  from  several  pretrealed  cases 
and  several  eases  from  which  we  received  a  final  evaluation 
from  the  attending  physician,  The  cases  that  were  submitted 
aftertherapy  and  had  a  positive  FPEC-GLC  profile  but  were 
negative  for  TSA  were  not  considered  falsc-negatives.  since 
the  test  specified  (as  previously  determined  by  research)  the 
use  of  2  nil  of  uncentriluged  CSF  drawn  before  drug  therapy. 


In  one  ease  (no.  74.  which  we  included  m  our  calculations  as 
false- positive),  tuberculosis  was  given  as  the  final  diagnosis 
Since  the  patient  was  initially  listed  as  having  meningitis  and' 
w.»\  ISA  positive,  we  now  believe  this  was  another  case 
where  someone  failed  to  isolate  ‘  *  - ittbert  ubisis  from  the 
CSF.  We  were  not  supplied  with’  information  on  drug 
therapy  administered  to  this  patten;  .sure  drawing  (lie  CSI 
sample. 

Based  on  results  listed  in  Tables  1  and  2,  we  calculated  the 
specificity  of  the  FPEC-GLC  test  for  tuberculous  meningitis 
to  be  91ft  and  the  sensitivity  to  be  95ft. 

DISCUSSION 

The  results  from  this  study  show  that  FPEC-GLC  can  be 
used  to  rapidly  diagnose  tuberculous  meningitis.  Conven¬ 
tional  approaches  to  rapid  diagnosis  of  tuberculous  menin¬ 
gitis  have  not  been  successful.  Possible  reasons  for  the  lack 
of  success  arc  as  follows:  (i)  the  small  number  of  the 
organisms  that  arc  present  m  the  CSF.  (up  the  host  of 
diseases,  infectious  and  noninfectious.  that  present  a  clinical 
picture  similar  (o  that  of  tuberculous  meningitis  (9).  and  (m) 
the  causative  agents  are  difficult  to  isolate  and  diagnose.  The 
diagnostic  problem  also  adds  importance  to  the  FPEC-GLC 
test.  Neoplasms  are  frequently  involved  in  producing  diag¬ 
nostic  problems  because  of  the  clinical  pictures  arc  similar  lo 
those  found  in  eases  of  tuberculous  meningitis  (Table  2) 

Another  area  where  FPEC-GLC  is  potentially  beneficial 
involves  the  presence  of  secondary  diseases  such  as  in  a 
patient  with  AIDS  and  tuberculous  meningitis  or  patients 
with  cancer  and  tuberculous  meningitis.  For  TSA  to  be 
detected  by  FPEC-GLC  analysis  t(  must  be  nonbound  (pov- 
scss  a  free  carboxyl  group)  At  this  time  we  have  only 
detected  TSA  in  (he  CSF  and  sera  of  patients  positive  for  M 
tuberculosis.  in  limited  studies  we  have  not  detected  non 
bound  TSA  in  positive  eases  of  St.  anum  or  Ntnardta 
infection  (5).  In  such  eases  the  detection  of  TSA  in  the  CSF 
by  FPEC-GLC  indicates  infection  with  M  tuhcrutlosu 
Based  on  evidence  presented  in  past  reports  (1— Ri  and  data  in  i 

this  report.  FPEC-GLC  may  eventually  be  useful  as  an  aid  to  j 
the  diagnosis  of  some  other  type  of  diseases  that  giv<.  .i 
clinical  picture  similar  to  that  ol  tuberculous  meningitis.  I 

Other  workers  (10;  P.  A.  Mardh.  L.  Larrson.  N.  Hibr  ! 

H.  C.  Englcbrack,  and  G  Odham,  Letter.  Lancet  i:.V  * 

1983;  G.  L.  French.  C.  Y.  Chan.  S.  W  Cheung.  R  Yeoh.  M  '  ; 

I.  Humphries,  and  G.  0.  Mahony,  Letter.  Lancet  i:$5>7, 

1987)  have  reported  the  use  of  gas  chromatography-mass 
spectrometry  to  detect  TSA  in  the  CSF  ot  patients  v\uh 
tuberculous  meningitis.  We  reported  (4)  the  detection  oi  ] 
TSA  by  gas  chromalography-mass  spectrometry  in  the  CSf  j 
of  patients  with  tuberculous  meningitis,  however,  the  von-  i 
centration  of  TSA  had  to  exceed  100  fmol  per  2  m!  for 
detection.  Further,  we  found  that  in  most  positive  cases  t«  : 

concentration  of  TSA  was  about  25  fmol  per  2  ml  of  CSF  j 

Although  FPEC-GLC  is  capable  of  detecting  25  fmol  of  .  . 
TCE-derivatizedTSA  per  2  ml  of  CSF.  certain  aspects  of  ihr  j  1 
lest  should  be  reemphasized,  (i)  The  entire  FPEC-GLC  fain  • 
acid  profile  (Fig.  2  and  4A.  7  lo  70  min)  along  wuh  TSt  . 
should  be  observed  for  determination  of  tuberculous  mew  j 
guts.  The  fatty  acids  are  low  in  quantity  and  number  whee  j 
compared  with  those  in  many  other  types  of  diseases  »•'  j 
TSA  must  be  identified  by  carefully  measured  retention  imr  j 
comparisons  to  0.1  cm  between  known  and  unknown  peib  j 
obtained  from  analysis  on  high-reso!  wion  polar  and  nonpfz  * 

capillary  columns  or  by  overlay  of  a  strip  chan  chroma  .  j 
grant  with  a  chromatogram  of  dcrivalized  standards  obtains  j  . 
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from  both  polar  and  nonpolar  column  aiulyvis.  (ill)  The 
internal  standard  (C;)  musi  he  included  before  extraction 
«.th  orpnre  solvent,  and  the  sensitivity  of  the  instnmient 
should  be  established  on  the  basis  of  instrument  response  to 
the  internal  Standard  tiv)  Samples  .if  2  ini  of  nonccntiifiigcd 
blood-tree  CSF  preserved  by  freezing,  with  no  added  pens, 
ers ames.  should  be  used,  tv)  High-purity  solvents,  clean 
containers,  and  Tenon-lined  screw-cap  lest  lubes  mini  be 
u'scu  for  extraction  and  Ucnv.iiiA.il ion, 
A^amplecanbedcmaiucdand analysed inabout  3h.  Six 
dcriv3liv«can  be  prepared  simultaneously.  and  each  can  be 
analyzed  by  FPEC-GLC  in  70  min.  Sample*,  can  be  injected 
mio  the  gas  chromatograph  with  an  auiosampler.  which 
permits  analysis  during  nonworking  hours,  thus  providing 
maximum  use  of  the  gas  chromatograph.  Additional  benefits 
,  automatic  injections  are  more  reproducible  retention 
times  with  increased  accuracy  and  precision.  This  is  espe¬ 
cially  true  where  multiple  operators  arc  involved  or  the 
operator  does  not  fully  understand  conditions  than  can  cause 
variation. 
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